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1 Introduction 

Magnetoencephalography (MEG) is generally deal¬ 
ing with cortical sources, since the sensitivity of 
MEG declines rapidly with increasing source depth. 
Two factors are responsible for this loss of sensitivity. 
First, the amplitude of the measured MEG is inversely 
proportional to the squared distance between sensors 
and source, and this distance naturally increases with 
source depth. Second, the MEG amplitude rapidly de¬ 
creases when the source approaches the center of the 
volume conductor [9]. The first factor applies to the 
electroencephalogram (EEG) as well. It explains, for 
example, why evoked potentials arising from brain¬ 
stem nuclei have, in general, a considerably lower 
amplitude then evoked potentials of cortical origin. 
The second factor, however, represents a peculiarity 
of MEG. Its nature is especially clear in the case of 
a spherical head model, where the MEG amplitude is 
proportional to the distance between source and cen¬ 
ter of sphere [5] so that sources located in the cen¬ 
ter itself are “silent”. This factor is the actual reason 
for the enormous difficulties to measure deep sources 
with MEG. 

Nevertheless, already in the eighties several attempts 
were made to record auditory evoked activity from 
sources as deep as the brainstem. The most success¬ 
ful study was performed by Erne et al. [1, 2]. In one 
subject, stimulated by brief 1000 Hz tone pulses, they 
found a clear magnetic wave coinciding with a wave 
in the brainstem auditory evoked potential (BAEP). 
The latency of this wave was 9.8 ms, and its ampli¬ 
tude was about 6 fT. At two other recording loca¬ 
tions a magnetic counterpart of BAEP wave V was 
described as well, but that wave hardly exceeded the 
noise level so that its nature was not completely clear. 
In a second subject, stimulated by clicks instead of 
tone pulses, no BAEF could be detected at any of the 
locations measured. 

In what follows, recent BAEF measurements are pre¬ 
sented which clearly show a magnetic correlate of the 
click-evoked BAEP wave V. In one subject, clicks 
were presented also at longer interstimulus intervals 
(ISIs), to look for slower waves of subcortical origin. 


2 Methods 

2.1 Measurement of BAEF 

A detailed description of this experiment can be found 
in [7]. Briefly, clicks were fed through 6.3 m of 
plastic tubing to a silicon ear piece in the subjects 
right ear. The repetition rate was 40/s, and the in¬ 
tensity corresponded to 75 dB sensation level (SL). 
The time course of the acoustic stimulus is shown 
in Fig. 1. A total number of 240 000 stimuli was 
presented in 100 minutes. The magnetic field was 
measured using a 37-channel system with first-order 
axial gradiometers having a baseline of 5 cm (Bio- 
magnetic Technologies, San Diego). The instrument 
was positioned in exactly the same way as for mea¬ 
surements of cortical auditory evoked fields, and also 
the measurement procedure was basically the same as 
in those investigations [8]. In addition, two electri¬ 
cal channels recorded the potentials between a vertex 
electrode and two mastoid electrodes. The measured 
data were band-pass filtered between 1 and 1200 Hz 
and sampled at intervals of 0.24 ms. Three normal¬ 
hearing subjects participated in this study. 



Figure 1: Time course of acoustic stimulus. 


For source analyses, the model of a current dipole in 
a sphere was used. Dipole location and orientation 
were assumed to be invariant in a specified time in¬ 
terval (“fixed dipole”). The model parameters were 
estimated using a least-squares fit procedure. 



2.2 Measurement of click-evoked AEF at 
various interstimulus intervals 

This study was done only in a single subject. Stimuli 
were presented at mean interstimulus intervals (ISIs) 
of 125, 350, 650, and 2000 ms, respectively. The in¬ 
tensity corresponded to 60 dB sensation level. The 
total number of epochs recorded in these experiments 
was 48 000, 18 000, 9 000, and 6 000, respectively. 
All conditions were examined in two separate ses¬ 
sions on one day, except for the 2000 ms condition, 
which was investigated in four separate sessions on 
two days. The subject always left the shielded room 
between sessions so that a channel matching proce¬ 
dure had to be applied before a grand average over 
sessions could be calculated. For that purpose, first 
a mean measurement configuration was derived us¬ 
ing a procedure described in [6]. In a second step, 



Figure 2: Interstimulus interval (ISI) dependence of 
the time course of click-evoked AEF (subject S25). 
Selected anterior channels plotted in red, selected 
posterior channels plotted in blue. The polarities of 
the latter were inverted. Each thick curve represent 
the average of the corresponding set of thin curves. 


for each channel of the mean measurement configu¬ 
ration the best-matching channel of each individual 
measurement session was determined. The data of 
the channels select in that way were finally averaged. 
In contrast to the BAEF study described above, data 
were sampled at a rate of of 1042 Hz and band-pass 
filtered between 1 and 300 Hz. 

3 Results 

Fig. 2 shows that the time course of click-evoked 
AEF is highly dependent on the ISI. At long ISI (650 
and 2000 ms), a well-defined pre-stimulus baseline 
can be recognized. At a shorter ISI (350 ms), how¬ 
ever, strong pre-stimulus activity indicates that the re¬ 
sponse to the previous stimulus did not completely 
fade away. At an ISI of 125 ms, the pre-stimulus base¬ 
line is flat again, presumably because those genera¬ 
tors which are responsible for waves Nlm and P2m at 
longer ISI are in a refractory state now. At a very short 
ISI (25 ms), steady-state AEF arise (40 Hz) so that 
a distinction between pre-stimulus and post-stimulus 
time ranges is not possible anymore. 

As the very first activity in the auditory cortex is as¬ 
sumed to have a latency of the order of 16 ms [10], 
AEF deflections with shorter latencies are most likely 
of subcortical origin. Such deflections can be found 



Figure 3: Detail of Fig. 2. 


















indeed in Fig. 2: In the anterior channels (red) clear 
positive deflections can be observed at 6 and 12 ms 
for all ISIs between 125 and 2000 ms. In the pos¬ 
terior channels (blue), however, these deflection are 
either very small or complete missing. This asymme¬ 
try can be considered as a clear indication of a sub¬ 
cortical origin, because for sources of known cortical 
origin, e.g. deflection Nlm (not plotted in the figure), 
a relatively symmetrical activation pattern was found. 
At an ISI of 25 ms, a low-amplitude, high-frequency 
wave riding on the 40 Hz steady-state response can be 
observed between 3 and 6 ms (magnified in Fig. 3). 
The fact that this wave is apparently restricted to the 
typical latency range of BAEP gives rise to the suspi¬ 
cion that it could represent the BAEF. 

The upper two curves in Fig. 4 are identical with the 
thick red and the thick blue curve in Fig. 3, whereas 
the two curves below represent the corresponding 
electrical recordings (red: ipsilateral recording; blue: 
contralateral recording). The bottom four curves 
show 100 Hz high-pass filtered versions of the upper 
four curves. The exact coincidence of the peaks in the 
electrical and the magnetic data at 5.5 ms (wave V) 
strongly suggests that the magnetic data show indeed 





Figure 4: Comparison between BAEF and BAEP 
(subject S25). The upper four curves were band-pass 
filtered between 1 and 1200 Hz. The bottom four 
curves were high-pass filtered in addition (100 Hz). 


a correlate of the BAEP: the BAEF. 

The spatial pattern corresponding to the magnetic 
peak at 5.5 ms is displayed in Fig. 5(a). Because of 
the bad signal-to-noise ratio of the data (upper panel), 
maps derived from low-pass filtered data and from 
the estimated dipole are provided as well (middle and 
bottom panel). The latter type of map is shown in 
Fig. 5(b) for all three subjects. Despite considerable 
interindividual differences, a positive field amplitude 
was consistently found at anterior-inferior locations. 


a) 


b) 




Figure 5: a) Field pattern associated with the mag¬ 
netic correlate of BAEP wave V (subject S25). Up¬ 
per panel: measured data (bandpass 108-1200 Hz). 
Middle panel: measured data after applying an ad¬ 
ditional low-pass filter (moving average over 5 sub¬ 
sequent time slices, using a cosine- shaped window 
function). Bottom panel: Field pattern associated 
with the estimated dipole. The colors yellow, red, and 
magenta represent positive field values, whereas the 
colors green and blue represent negative field values 
(0.25 fT steps). As the positive x-axis points to the left, 
the maps reflect a view from some point outside the 
head onto the left hemisphere, b) Field pattern asso¬ 
ciated with the estimated dipole, for all three subjects. 
(Based on figure in [7].) 























4 Discussion and Conclusions 

Even though the instrument used in this study was not 
optimal for the detection of deep sources, owing to 
the gradiometer configuration of its sensors, a mag¬ 
netic correlate of BAEP wave V with a mean ampli¬ 
tude of 1.9 fT was consistently found in all three sub¬ 
jects. The spatial patterns observed in this study are 
not consistent with maps predicted by Grandori [4] on 
the basis of dipoles derived from electrical data [3]: 
In a first approximation, the pattern he predicted for 
BAEF wave V appears to be rotated by 90° compared 
to the maps shown in Fig. 5. This discrepancy can be 
explained by the fact that, for deep sources, a spher¬ 
ical volume conductor model as used by Grandori is 
not very appropriate. Moreover, it appears reason¬ 
able to assume that wave V results from at least two 
deep sources (one in each hemisphere). By assum¬ 
ing such bilateral sources, the field patterns observed 
in the present study can be easily explained. The ap¬ 
parent discrepancy between measurement and predic¬ 
tion has, by the way, also a positive aspect: It demon¬ 
strates that BAEF measurements contain decisive spa¬ 
tial information about the BAEF sources, which can 
be used for hypothesis testing even under conditions 
where a precise source localization is not feasible, 
owing to a too limited measurement area and an in¬ 
sufficient signal-to-noise ratio. 

Acknowledgments 

Supported by the Deutsche Forschungsgemeinschaft 
under Grant Fu342/4-2. 

References 

[1] S. Erne, M. Hoke, B. Lutkenhoner, C. Pantev, 
and H. Scheer. Brainstem auditory evoked mag¬ 
netic fields. In K. Atsumi, M. Kotani, S. Ueno, 
T. Katila, and S. Williamson, editors, Biomag¬ 
netism ’87, pages 158-161, Tokyo, 1988. Tokyo 
Denki University Press. 

[2] S. Erne, H. Scheer, M. Hoke, C. Pantev, and 
B. Lutkenhoner. Brainstem auditory evoked 
magnetic fields in response to stimulation with 
brief tone pulses. Intern. J. Neuroscience, 
37:115-125, 1987. 

[3] F. Grandori. Field analysis of auditory evoked 
brainstem potentials. Hear. Res., 21:51-58, 
1986. 


[4] F. Grandori. Surface maps and generators of 
brainstem auditory evoked potential waves I, III, 
and V. In K. Maurer, editor, Topographic brain 
mapping of EEG and evoked potentials, pages 
407-411. Springer, Berlin, 1989. 

[5] B. Eutkenhoner. Current dipole localization 
with an ideal magnetometer system. IEEE 
Trans. Biomed. Eng., 43:1049-1061, 1996. 

[6] B. Eutkenhoner. Intraindividual grand aver¬ 
aging of neuromagnetic fields. In T. Yoshi- 
moto, M. Kotani, S. Kuriki, H. Karibe, and 
N. Nakasato, editors, Recent advances in bio¬ 
magnetism, pages 256-259, Sendai, 1999. To- 
hoku University Press. 

[7] B. Lutkenhoner, C. Lammertmann, B. Ross, and 
C. Pantev. Brainstem auditory evoked fields in 
response to clicks. NeuroReport, 11:913-918, 
2000. 

[8] B. Lutkenhoner and O. Steinstrater. High- 
precision neuromagnetic study of the functional 
organization of the human auditory cortex. Au¬ 
diol. Neuro-Otol., 3:191-213, 1998. 

[9] E. Menninghaus and B. Lutkenhoner. How 
silent are deep and radial sources in neuro¬ 
magnetic measurements? In C. Baumgart¬ 
ner, L. Deecke, G. Stroink, and S. Williamson, 
editors, Biomagnetism: Fundamental Research 
and Clinical Applications, pages 352-356, Am¬ 
sterdam, 1995. Elsevier Science, IOS Press. 

[10] N. Shaw. The temporal relationship between the 
brainstem and primary cortical auditory evoked 
potentials. Progress in Neurobiology, 47:95- 
103, 1995. 



